corresponding to co-varying, clustering and independent sets of genes, respectively. The recent evolution of single-cell transcriptomics has created much hope for insights about the molecular heterogeneity of this neuronal population and about the 70 gene regulatory principles underlying its specific phenotype.
71
We performed sc-RTqPCR on acutely dissociated identified midbrain neurons were classified as DA and 37 as nDA.
83
We quantified the levels of expression of 41 genes (Figure 1a) Gad1/GAD67 and Gad2/GAD65 suggested that collected nDA neurons used mainly 90 glutamate or GABA as neurotransmitters (Figure 1a-b, Supplementary Figure 3) .
91
While some ion channels showed similar expression profiles in DA and nDA neurons Scn2a1/Nav1.2), most genes displayed significant variability in their expression levels consistent with the already documented heterogeneity of midbrain DA neurons 5, 13, 14 .
100
As a first step in deciphering higher-degree relationships, we performed
101
Pearson correlation analysis on the 33 most relevant genes (Figure 1c- 
157
We applied I k analysis to the gene expression levels measured in DA and nDA Pearson correlations (Figure 1d) with the strongly correlated (see Figure 1d ) or strong I 2 -sharing genes (Figure 2b) , 172 especially for DA neurons. I k was also calculated for superior degrees (5 to 21), and observations, but moreover suggest that these four genes might be part of a larger 242 transcriptional module (≥ 7 genes) that also includes genes defining the electrical Figure 9) . Alternatively, 
251
On the other hand, the minimal information paths identified the 8 genes that 252 best segregate midbrain DA neurons (Figure 3c) Figure 9) . Therefore, the specific complex combinatorial Supplementary Methods for more detail).
437

Simplicial Information structures
438
The information functions are defined on the whole lattice of partitions of the were calculated by averaging I k and H k for each degree k over the number of k-tuples.
461
The mean information landscape quantifies the average behavior of the whole Figure 2 . Mutual information analysis of gene expression levels reveals specific high-degree structures of transcriptomic profiles in midbrain DA and nDA neurons. a, left, Venn diagram illustrating a system of 6 random variables sharing mutual information at degree 2, 3 and 4. Right, same system represented on a simplicial complex. Each vertex represents a variable while the edges, faces and volumes represent joint-n-tuples of variables. b, scaffold representations of the most significant I k values shared by pairs (I 2 , top row), triplets (I 3 , second row), quadruplets (I 4 , third row), quintuplets (I 5 , fourth row) and decuplets (I 10 , fifth row) of genes in DA (left column) and nDA neurons (right column). Circle diameters are scaled according to entropy value (I 1 ). The red shapes (lines, triangles, quadrilaterals, etc) indicate positive I k shared by genes while the blue shapes correspond to negative I k . Only the most significant values of I k are displayed on each scaffold (20 for I 2 ; 5 positive and 5 negative for I 3 , I 4 , I 5 ; and 2 positive and 2 negative for I 10 ). c, 4D-scatter plots representing the levels of expression of 2 quadruplets of genes sharing strong negative I k (left-hand plots) and 2 quadruplets of genes sharing strong positive I k (right-hand plots) in DA neurons. Please note that negative I k is associated with a "clustering" or "heterogeneous" distribution of gene expression levels (left) while positive I k is associated with a "co-varying" or "homogeneous" distribution of gene expression levels. d, histograms representing the distribution of I k values for all the degrees presented in b. The total number of combinations C(n,k) for each degree (number of pairs for I 2 ; number of triplets for I 3 , etc) is given in gray. Figure 2 as a function of degree k in DA (left) and nDA neurons (middle), and scatter plot representing mean I k value (mean information landscape) as a function of degree for both populations (right). Color coding in the left and middle plots indicates the density of points for each I k value. b, line and scatter plot illustrating the four maximum (red) and minimum (blue) information paths corresponding to stable information modules in DA neurons identified using conditional information computation. The paths have been superimposed to the total information landscape (transparent color coding) already shown in panel a. c, scaffold representation of the information modules corresponding to the maximum I k paths (red) and minimum information paths delineated in panel b. Each path is identified with a specific arrowhead shape (see legend box). 
